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Figure li;: An error in the curve for Modal C^ » O.U has been corrected 

in the figure below* which should replace figure lU in the published 
copy of this paper. This revision in no way affects the results or 
conclusions presented. 
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SUMMARY 


An investigation was made to determine the lateral-control 

characteristics and the pitching-moment characteristics of a^- - scale 

model of the X-l wing- fuselage configuration. The tests were made in 
the transonic speed range from a Mach number of 0.60 to 1.15 in the 
Langley high-speed 7- "by 10-foot tunnel utilizing the transonic bump. 
Comparisons are included between available flight data and wind-tunnel 
results. 

The results of the lateral-control investigation showed that the 
rolling effectiveness varied with Mach number in a manner similar to 
the flight-test results at Mach numbers between 0.6 and 1.06. There 
were differences, however, in the absolute values which might be 
accounted for in part by the gap conditions at the nose of the aileron; 
the aileron of the model is sealed, whereas that of the airplane is 
unsealed. The measured slopes of the pitch 1 ng -moment curves of the 
model also varied with Mach number in a manner similar to that obtained 
on the airplane. There were differences in the absolute values of the 
slopes but the data from the model were not directly comparable with 
the data from the airplane. 


INTRODUCTION 


An investigation was made at transonic speeds to determine the 


lateral-control and pitching -moment characteristics of 



- scale model 
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of the X-l wing-fuselage combination using the transonic -bump technique. 
The investigation was made for the purpose of correlating with flight 
data. In the investigation the aileron effectiveness., damping in roll, 
lift, pitching moments, and wing bending moments of the model were 
determined. 

Two s imil ar wing models were used in the investigation, having an 
aspect ratio of. 6.0, taper ratio 0.5, and an unswept 40-percent- chord 
line. The wings had NACA 65-108 airfoil sections and a twist distri- 
bution corresponding to 1° of washout. One wing was constructed with 
a 15-percent-chord aileron and the other, with an additional twist 
with linear variation from root to tip corresponding to 4-72° of washin 
at the tip. Dancing- in- roll characteristics were obtained on the 
assumption that the damping moment of a rolling wing would be equal 
to the rolling moment produced by the addition of linear twist along 
the span. 

The aileron rolling effectiveness has been calculated and a 
comparison with flight data is given up to a Mach number of 1.06. 
Comparisons of the pitching -moment characteristic s and lateral centers 
of pressure with flight data are also included. 


COEFFICIENTS AN! SYMBOLS 


C L 


lift coefficient (Twice lift of semi span model/qS) 


C m 

C B 




C l 


a 



pitching -moment coefficient referred to 0.25c 
(Twice pitching moment of semispan model/ qSc ) 

bending-moment coefficient about root-chord line at plane 
of symmetry ^oot bending momentyq^ ^ 


rolling-moment coefficient about root-chord line at plane 
of symmetry (Rolling moment/qSb) 

increment in rolling-moment coefficient caused by 
deflection of aileron at a given angle of attack 

(p ^aileron deflected ^aileron undeflected) 


damping- in-roll coefficient 

^twisted wing " ^ ^untwisted wing) Jb ) 
twice wing area of semi span model, 0.165 square foot 
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b 

b* 


c 


c 

y 

y* 

q 


p 

v 

M 
M i 
M a 
E 


8 a 

pt^2V 

P 


twice span of semi span model, 1.000 foot 

twice span of wing outside of fuselage 

mean aerodynamic chord of wing, 0.171 foot; based on 

‘j/2 

relationship / c2iy- (using theoretical tip) 




local wing chord 


spanwise distance from plane of symmetry 

spamd.se distance from fuselage 

effective dynamic pressure aver span of model* 
pounds per square foot 


air density* slug per cubic foot 
free-stream velocity, feet per second 
effective Mach number over span of model 
local Mach number 

average chordwise local Mach number 

Reynolds number of -wing based on c 

angle of attack* referred to -wing root-chord line* 
degrees 

aileron deflection* positive -when trailing edge is down* 
degrees 

wing-t ip helix angle* radian a 

- rate of roll corresponding to a given airspeed* 
radians per second 


MOTEL AND APPARATUS 


The investigation was performed on a - scale semi span model of 
the X-l airplane wing-fuselage combination. In this investigation two 
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wing models were used, one to obtain the aerodynamic characteristics in 
pitch and the aileron effectiveness, and the other, to determine the 
damping- in- roll coefficient. The details of the basic wing-fuselage 
combination are shown in figure 1. 

The aileron of the control model was simulated by cutting the 
steel wing at the proper spanwise stations from trailing edge to 
aileron hinge line ( 85 -percent-chord line) and cutting grooves of 

- inch width along the hinge line on both the upper and lower 

surfaces of the wing as is shown in the typical section of figure 1. 

The desired aileron deflection was obtained by bending at the aileron 

hinge line. The grooves were faired over with wax to eliminate breaks 

in the airfoil contours, thus simulating a plain sealed aileron. .. \ 

The damping- in-roll wing was twisted so as to provide an additional 
angle -of -attack distribution which varied linearly along the span of the 
model. The measured twist is shown in figure 2 and corresponds to 4.72° 
of washin at the tip. (it should be noted that the basic model had 1° 
of washout . ) 

The half fuselage used in the investigation was made of brass and 
was bent to conform to the bump contour as shown in figure 1. The 
wings were interchangeable on this fuselage. The ordinates of the 
fuselage, which, is a ^cylinder of revolution, are given in table I. 

A five -component balance of the strain-gage type was installed 
beneath the surface of the bump and measured forces and moments with 
respect to the wind axes. 


TESTS 


Hie models were tested in the Langley high-speed 7- by 10-foot 
tunnel utilizing the flow field over the transonic bump to obtain 
Mach numbers from 0.6 to 1.15- Atypical contours of local Mach number 
in the vicinity of the model location on the bump are shown in figure 3* 
It is seen that there was a Mach number variation of about 0.08 over the 
model semi span at low Mach numbers and about 0.12 at the highest teat 
Mach numbers. The chordwise Mach number variation was generally less 
than 0.02. No attempt has been made to evaluate the effects of this 

chordwise and spanwise Mach number variation. The effective test 

Mach number was obtained from contour charts similar to those presented 
in figure 3 using the relationship 



KACA EM L50C22 


5 


The variation of mean Reynolds number with test Mach number is 
shown in figure The boundaries in the figure are an indication of 
the probable range in Reynolds number caused by variations in atmos- 
pheric conditions in the course of the investigation. 

Reflect ion-p lane corre ction factors, which account for the carry- 
over of load to the other wing, have been applied to the aileron data 
and the damping- in-roll data. Tie correction factors, which are O .87 
for the aileron data and O .89 for damping-in- roll data, were determined 
by using span loadings obtained from reference 1 . The variation of 
these correction factors with Mach number is not known but it is thought 
that the correction approaches .zero at a Mach number of 1.0. The error 
caused by neglecting the effects of Mach number on the reflection-plane 
corrections, however, is alleviated somewhat if the damping-in-roll and 
aileron-effectiveness data are used in conjunction with each other. 

The tests were conducted at constant values of a and 8 a from a 
Mach number of 0.60 to 1.15. Aileron deflections of 0°, ± 6 °, and ±12° 
were investigated. The angle of attack was varied from 0° to 10° 
in 2 ° increments. 


RESULTS AND DISCUSSION 


The results of the investigation are presented in the following 
figures: 


Figures 


Aerodynamic characteristics in pitch 5 

Aileron characteristics 6 , 7 

Damping-in-roll characteristics ' 8 , 9> 10 

Estimated rolling effectiveness : 11 

S umma ry data: 

Lift-curve slopes 12 

Pitching-moment characteristics 13* 1^, 15 

Lateral centers of pressure 1 6 


Lateral-Control Characteristics 

The summary of aileron characteristics (fig. 7) shows that the 
aileron effectiveness was considerably affected by angle of attack and 
Mach number. The aileron effectiveness generally decreased with Mach 
number above M = 0 . 8 ; however, the effects were more pronounced at 
the lower angles of attack than at the higher angles. For example, 
a large loss in effectiveness occurred between M = 0.90 and M = 0-95 
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for a = 2°, 'whereas at a = 6° the loss was sms.1 1. in comparison. 

These 'characteristics result in showing increasing values of ^Zg a 

with increase of a at M = 0-92 or above, whereas at lower Mach 
numbers, decreases with angle of attack. 

The aileron effectiveness obtained agrees fairly well with low- 
speed data on the X-l 10-percent-thick wing (unpublished data) as shown 
in figure 7- 

In addition to the aileron effectiveness C , the damping- in-roll 

coefficient of a wing must be known before estimations can be 

made of th.e airplane rate of roll. The difference In rolling moments 
of the untwisted wing and the twisted wing, of which figure 8 is 
typical. Is a measure of the damping- The assumption Is made that the 
damping moment of a steady rolling wing will be equal to the rolling 
moment resulting from a linear variation of twist along the span. He 
damping -moment coefficient in roll Is therefore: 


^twisted ~ ^untwisted) 

where the additional wing twist represents a pb/2V of 0.0825 radians 
and 0-87 is the ref lection-plane correction factor, 

A comparison of the theoretical values of Ct. obtained from 

Jr 

reference 2 with the experimental results shows good agreement up 
to M = O. 85 , figure 9- The damping in roll remained fairly high 
throughout the Mach number range and, as might be expected, varied 
in a manner similar to lift-curve slope. The s imilar ity is apparent 
in figure 10 where the ratio of Ci^ or Cjp at any Mach number to 

its respective value at a Mach number of 0.6 is given. 

An estimation of the rolling effectiveness of the aileron- wing 
configuration is given in figure 11 using the aileron effectiveness 
and damping in roll experimentally determined. A comparison is also 
given with the flight results from references 3 and 4 up to a Mach 
n umb er of 1.06. The flight data are on a 10-percent- thick wing. The 

estimated values of ^-/s a are greater than the flight values but the 
variation of 2 ^/&a "with M is similar. 
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A considerable part of the difference in the Tallies of 5 a 

obtained on the model and the airplane may be the result of the gap 
conditions at the nose of the aileron. The aileron of the airplane is 
unsealed, -whereas the model aileron is effectively sealed. From previous 
investigations at low Mach numbers it is known that an unsealed aileron 
gives less effectiveness than a sealed aileron. Reference 5 shows that 
an aileron of corresponding size would be o nly 65 percent as effective 
as a sealed aileron. If this factor were applied to the wind-tunnel 
data, the agreement with flight data would then be relatively good at 
subsonic Mach numbers. There is also evidence, reference 6, that a 
difference in effectiveness exists at supercritical Mach numbers, 
although these data are for a swept wing with a circular-arc airfoil 
section. 

A small part of the difference in E^8 a between flight and wind- 

tunnel data may also be attributed to wing flexure, and a minor part, 
to aileron contour . Aileron deflection causes a torsional moment that 
tends to twist "the wing, resulting in reduced rolling effectiveness. 

The airplane wing would twist more than the very rigid, solid, steel 
wing. It has been est ima ted from reference 7 that a reduction factor 

of 3^. percent should be applied to the tunnel data at M = 0.80 for 

correspondence with flight conditions. The model has a true contour 
aileron with a cusp and may have had slightly greater effectiveness 
than the flat-sided aile ron on the airplane. 


Aerodynamic Characteristics in Pitch 

The lift -curve slopes obtained from the data of the present 
investigation, figure 5, are compared With those obtained from other 
sources in figure 12. The agreement of lift-curve slopes obtained 
between the model of the present investigation and some unpublished 

data on a ^ - scale bump model Is excellent. In the subsonic speed 

range the experimental lift-curve slopes also agreed very well with 
theoretical slopes obtained from reference 2.' A point from an 

Investigation of a - scale model ( 10-percent-thick wing) at M = 0.35 

(unpublished data) is included in figure 12 for comparison. 

The variation of dC^/dOp, with Mach number shown in figure 13 for 
the model wing-fuselage combination is large and irregular, especially 
at low lift coefficients. The data, which are for a center-of-gravity 
location of 25 percent mean aerodynamic chord, show a rearward shift 
of the aerodynamic center from 15 to 20 percent of the mean aerodynamic 
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chord between Mach numbers of 0.60 to 1.Q5- A forward shift of the 
aerodynamic center occurs between a Mach number of O .85 and 0.88 for 
a Cp, = 0 . At lift coefficients in the normal operating range of the 
airplane (Cp, = 0.20 or above) the tendency for the forward shift is 
not evident. 

A comparison of dC^dC^ from the present investigation with 

the results of unpublished flight tests at the NACA High-Speed Flight 
Research Station at Edwards Air Force Base, Calif., on the 8-percent- 
thick wing is presented in figure 14. These. dat a sho w that the vari- 
tion of dC m /dCx, with Mach number from the model was similar to that 
obtained with the airplane. There was, however, a considerable differ- 
ence in absolute magnitude of dC m /dC;L between model and airplane. 

The results are not directly comparable because the flight data are 
given for a lift coefficient which varies from values of 0.25 to 0 . 80 , 
whereas the wind-tunnel data are for a lift coefficient of 0.40. Part 
of the difference in dC m /d jCl may be attributed to experimental 
accuracy. The probable accuracy of djC m /dCL for the wind-tunnel 
data is to. 02. The accuracy of the flight data appears to be less, 
particularly near a Mach number of 0.9 where there is a large scatter 
in the data. 

A comparison of the tail-off p itching-moment coefficients is given 
in figure 15 between the model of the present Investigation and the 
flight results on the 8-percent-thick wing, reference 8. The tail-off 
pitching-moment coefficients of the airplane were calculated from the 
horizontal-tail loads measured in flight for a center of gravity which 
varied from 22.1 to 25-3 mean aerodynamic chord. The pivot point of 
the model was at 25 percent mean aerodynamic chord. The model results 
are in good agreement with flight results as to the variation of 
p itching-moment coefficients with Mach number, but the values of C m 
for the wind-tunnel data are considerably more negative. Part of the 
difference might be attributed to the pitching moments caused by the 
drag of the empennage . 

The lateral center of pressure of the wing-fuselage combination 
remained fairly close to the 40 -percent -span station throughout the 
Mach number range tested aB is shown in figure 1 6 . Unpublished data 
from flight tests at the NACA High-Speed Flight Research Station 
at Edwards Air Force Base, Calif., gave a lateral center of pressure 
of 42 percent span for the airplane based on the wing outside of the 
fuselage in contrast to the model data which are given about the wing 
center line. The airplane data were determined from strain gages 
mounted on the wing near the wing-fuselage Juncture. 
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CONCLUSIONS 


The results of wind-tunnel tests of a scale model of the 

X-l airplane to determine the lateral-control characteristics and 
the aerodynamic characteristics in pitch, of the wing- fuselage configu- 
ration at transonic speeds indicated the following conclusions: 

1- The estimated variation of rolling effectiveness with*' Mach 
number was similar to that achieved in flight on a 10-percent-thick 
vingj although the flight data showed lower effectiveness* A consider- 
able part of the difference might be caused by the gap conditions at 
the nose of the aileron; the aileron of the model is sealed,, whereas 
that of the airplane is unsealed. A large loss of aileron effective- 
ness,, which was most pronounced for a low angle of attack^ occurred 
between Mach numbers' of 0.90 and 0*95- At subsonic Mach numbers the 
damping in roll obtained experimental 1 y was in good agreement with 
theoretical results. The damping coefficient Bhowed a variation with 
Mach number similar to that obtained with the lift-curve slope. 

2. The slopes of the wing- fuselage pitching-moment-coeff icient 
curves varied with Mach number in a manner similar to that obtained 
on the airplane. There were differences in the values of the slopes 
but the data were not directly comparable because the actual value of 
the airplane lift coefficients were unknown. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base^ Va. 
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Tabulated Wina Data 

Area( twice semispan) 0J65 sqft 
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Root chord 25° 

Tip chord i.5° 

Dihedral 0.0 

Airfoil section parallel 
toffee stream. NACA 65-108 


-Reference centerline 


Clearance jg 
Bump surface 




AH dimensions in inches. 


Figure 1.- General arrangement of -gr - scale model of the X-l airplane 

wing-fuselage combination. 
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Figure 3 -- typical Mach number contours over transonic bump in region of 

model location. 
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Figure 4. - 


Variation of Reynolds number with test Mach number through 
the transonic speed range. 
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Figure 5.- Aerodynamic characteristics of a scale model of the 
^ X-l airplane wing- fuselage combination. 
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Figure 6. - Variation of aileron effectiveness -with. angle of attack 

and Mach. number. 
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Figure 'J.- Effect of Mach number and angle of attack on the aileron 

effectiveness. 
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Figure 8.- Typical variation of wing rolling-moment coefficient 
with angle of attach for the twisted and. untwisted wings. 
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Figure 9.- Variation of dancing- in-roll coefficient with Mach number 
as determined from tests of a twisted wing. 
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Figure 10.- Ratios of 
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Figure 11.- Comparison of estimated values of 

from flight tests at Cl 
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» 0.23. 


with those obtained 




MCA EM L50C22 



Scale Tunnel thickness Ref 

l / bump . .08 

l y 

O '4 7byl0 .10 unpublished 

\; bump 08 unpublished 

theory .08 2 



Mach number, M 

Figure 12.- Comparison of lift-curve slopes. 
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Figure 13*- Effect of lift on dC^/dC^ for the model ving- fuselage 
combination. Center of gravity at 0.25 mean aerodynamic chord. 
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Figure l4. - Comparison of dCjjj/d Cj, obtained between model and airplane 
Center of gravity at 0.236 mean aerodynamic chord. 
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Figure 15.- Variation of pitching -moment coefficient with Mach number for 
the ving-fiiselage combination at Cl = 0.22. 




